A solution of the Einstein vacuum field equations is constructed within the contex of perturbation theory. The solution possesses a graphical representation in terms of diagrams.
In a recent article [1] for a wide class of nonlinear equations a perturbative solution was constructed.This class includes equations of motion of field theories. Solutions of the pure Yang-Mills field equations and equations of motions in spinor electrodynamics [2] were obtained. The solutions can be described by diagrams. The aim of the present paper is to construct a solution of the Einstein field equations in the vacuum.
Let x = (x 0 , x 1 , x 2 , x 3 ) be space-time coordinates, and g(x) = g µν (x)dx µ dx ν a space-time metric. The vacuum Einstein equations read
where
R µν is the Ricci tensor
, and Γ γ αβ is the Cristofel symbol
Here
We impose a gauge condition
From equation (4) it follows
LetG n (ϕ) be defined byG
where = η αβ ∂ α ∂ β . The general solution ϕ 0µν of the free equation
is given by [4] 
are coordinates on the unit sphere S, σ ξ is the area element on S,
and u µν , v µν are some functions. Equation (3) implies
A specific solution E(f µν ) of the inhomogeneous equation
Then equation (6) can be written in the form
where ϕ 0 = ϕ 0µν dx µ dx ν , and p n = 2E(G n µν )dx µ dx ν . Here we introduced an auxiliary parameter κ. Eventually it is set to be 1.
Let V be the space of symmetric 2-forms. We shall need the polylinear symmetric functions
One can check that γ, . . . , γ n = n!p n (γ).
Then equation (7) becomes
For m ≥ 2, 1 ≤ i 1 < . . . < i n ≤ m let
be defined by
where γ means that γ is omitted. If φ ∈ V is given by
for some I 1 = (i (γ 1 , . . . , γ m ) one can consecutively draw the diagrams for P
Let us introduce a family of functions
such that for γ 1 , . . . , γ m ∈ V γ 1 , . . . , γ m is defined as the sum of all the descendants of its arguments. For example, for m = 2 and m = 3 we have
A solution of equation (9) is given by [1] ϕ = e The diagram for ϕ 0 , ϕ 0 2 , ϕ 0 2 is depicted in Figure 2 .
